INTRODUCTION
After a successful debut in 2010, the second "n3l Summer School and Workshop on Non-Normal and Nonlinear Effects in Aero-and Thermoacoustics" took place from June 18 th to 21 st , 2013. The event was hosted by the Fachgebiet für Thermodynamik of Technische Universität München (TUM) and held on the premises of the Institute of Advanced Study (TUM-IAS) and the Leibniz-Rechenzentrum on the Garching Campus.
Aero-and thermoacoustic phenomena are a fascinating challenge in fundamental research, and at the same time play an important role in many industrial applications. For example, with the introduction of lean premixed, low emission combustion technology, thermoacoustic stability has become a major challenge in gas turbine combustor development, just as it has been for a long time in rocket science.
Aero-and thermoacoustic analysis often relies on a linear description, exploiting the superposition principle for orthogonal eigenmodes, which do not couple with each other. However, in situations where nonlinear or non-normal effects become important, such an approach is no longer adequate.
For example, Noiray and Schuermans (2013) investigated the interactions between azimuthal thermoacoustic modes and combustion noise in annular combustion chambers. A nonlinear stochastic differential equation is formulated, with model parameters identified from measured engine data. This model describes the probabilities of wave components with clockwise and counter-clockwise sense of rotation, respectively, as a function of the random source intensity of combustion noise and the strength of nonlinear thermoacoustic interactions. This model of modal structure of instability in its limit cycle is essentially nonlinear.
The aim of the n3l event was to bring together researchers from different backgrounds in order to exchange information on recent developments and explore ideas for the development of a more comprehensive framework of analysis that allows capturing all relevant effects.
PARTICIPANTS
Despite the very focused scope of the event, the organisers were very happy to welcome about sixty participants from Europe and overseas. About two dozen research institutions and industrial companies were represented, the latter demonstrating that the possible practical relevance of the ideas discussed during n3l is considered significant by industry.
EVENT DESCRIPTION
The event was split into two parts, consisting of a Summer School (June 18 th to 19 th ) and a Workshop (June 20 th to 21 st ).
During the Summer School, a series of seven invited lectures gave an introduction to the workshop topics and presented the state of the art. The invited speakers were (in order of appearance): Each invited lecture was of 90 minutes duration, including discussion. All lectures were recorded, and synchronised streams of the videos and the presentation slides were made available to the participants.
The Summer School set the ground for the workshop that took place during the following two days. For this event, contributions of original, recent research results on non-normal and nonlinear effects in the mentioned disciplines had been solicited. A selection of contributions was made on the basis of extended abstracts. In the end, twenty-six abstracts were retained, and the authors were asked to prepare full paper versions, which were made available to the workshop participants on a USB stick. One poster and six oral sessions -with 25 minutes allotted to each presentation -were organized:
• Flame Describing Functions • Experimental Bifurcation Analysis • Numerical Bifurcation Analysis • Optimization and Control • Reduced Order Models • Combustion and Aeroacoustics As the session titles indicate, most talks covered the area of thermo-acoustics, which consequently dominated the discussions during the workshop.
In regard to non∫linear flame dynamics, the Flame Describing Function remains of significant interest. However, there is increased discussion of the limitations of this ansatz, and efforts are made to go beyond describing functions in order to include nonlinear coupling. Experimental bifurcation analysis continues to deliver unexpected results, while in numerical bifurcation analysis one strives to develop techniques that are capable of handling realistic problems.
Presentations and discussions at the workshop have shown that there are many challenges related to the proper formulation of reduced order models for non-normal and nonlinear effects. Questions related to the definition of perturbation energy, the correct model structure of reduced order models of a heat source, or the proper coupling between flame dynamics and acoustics continue to pose unresolved questions.
Videos of invited lectures and papers contributed to the workshop will remain available to the scientific community at http://www.td.mw.tum.de/n3l. A selection of papers from the n 3 l workshop has been collected in the present issue of the Int. J. of Spray and Combustion Dynamics. The papers, which have been properly peer-reviewed, give a good overview of the topics covered during the workshop. It is hoped that the papers make it evident that research on non-normal and nonlinear effects in aero-and thermoacoustics is a very active and exciting field, with new ideas, novel methods and fresh insights. It is planned to have a third instalment on n3l in 2016, so stay tuned!
